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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

ANALYSTS OF THE EFFECTS OF VARIOUS MASS, AFRODYNAMIC,
AND DIMENSIONAL PARAMETERS ON THE
DYNAMIC TATERAL STABILITY OF THE
DOUGLAS D-558-2 AIRPLANE

By M. J. Quello and W. H. Michael, Jr.
SUMMARY

The effects of various mass, asrodynemlic, and dimenslonal parsmeters
on the dynemic lateral stebllity of the Douglas D-558-2 airplesne have
been Investigated by means of calculations of the stablllly boundaries
and the period and damping of the lateral oscillation. The results
indicate that accurate determination of the stabllity derivatives, the
radil of gyration, and the Inclination of the principal axes are required
if calculations of the dynamic laberal stebility are to be of quanti-
tative significance. Varilstions in the magnitudes of these quantities
that might correspond to errors resulting from casusl estimates may be
very important.

An Increase in the masgnltude of the damping in yaw or an Iincreass
in the yawing moment due to rolling (in the positive direction) had a
stabilizing effect in both the landing and high-speed configurations.
An Increase in the damping in roll had a lerge stabilizing effect in
the landing configuration but & small irreguler effect in high-speed
flight.

The stabllity of the airplane 1n elther the landing or high-speed
conflguration was decreased by an increase in the radius of gyration
about the normal exis or by an inclination of the principal longltudinal
axls downward at the nose. An Increase in the radius of gyration about
the longlitudinal axis had a stebilizing effect In the high-speed configu-
ration, but & destabillizing effect for landing.

With flaps and gear retracted, an incresse in either the wing
loading or altitude had small.effects on the stability boundaries and
on the period of the lateral oscillation but increased the time and
nunber of cycles regquired for the oscillatlon to damp to half amplituds.

The calculatlons indicated insteblility of the basic alrplane in
the landing configuration. Same improvement in the characteristics near
a 1ift coefficlent of 1.0 seemed possible by reducing the flap deflection
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or by extending the height -of the vertical teil. At lift—coefficilents of
about 0:6 or less these changes appear to have 1little effect.

For the mass and aerodynamic parameters which were used in this
investigation, the calculations indicated that the alrplene would not
meet the Bureau of-Aeromautics criterion for satisfactory demping of . the
lateral oscillation in the landing configuration (fiaps and gear down)
and would meet the criterion In the high-speed conflguration (flaps and
gear up) only at 1lift coefficilents greater than about 0.7.

INTRODUCTION -

Recent studies (references 1 and 2) have indicated that the problem
of .the dynamic lateral stebility of high-speed alrcraft is extremely
camplex because of the large nwmber of Importeant variables. Therefore,
1t eppears very difficult, if not Impossible at the present tlims, to make
charts such as those of reference 3 (which were for relatively low-gpeed,
light aircraft with unswept wings) from which reliable egtimates of the
dynamic lateral stebllity characterisitica of any high-speed alrcraft can
be made. For thils reason it has been found expedient to Investigate the
dynamic lateral stability characteristice of specific high-speed alrplane
conflgurations. Many of the mass and aerodynamic parsmeters reguired for
such investigatlons gemnerslly are not known to & high degree of accuracy;
therefore, the quantitative reliability of the resulis, with respect to
the airplane under consideration, may be questlonable. When arbitrary
veriations are made to the various parameters, however, a reasonably
relisble Indication of the effects of possible modifications to the
alrplane or of chenges In the flight attitude might be expected. The
results also should be of use in indlcating the degree of accuracy with
which the aerodynemic and mess parameters must be determined in order to
obtain sccurate quantitative results.

This investigation 1s concerned with the dynamic lateral stabllity
characteristices of the Dougles D~558~2 high-speed research airplane.
(See fig. 1.) The mass characteristics used iIn the analysis were speci-
fled by the Douglas Alrcraft Company, Inc. The aerodynsmic persmeters

were obtained from wind-tummel tests of a model of the D-558-2 alrplane
or, ln some Ilnstences, from estimations based on tests of other models.

SYMBOLS AND COEFFICIENTS

The symbols and coefflclents used hereln aere defined as fullows:
h altitude, feet

o angle of attack of airplane reference axls (fig. 2), degrees
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B angle of sideslip, radiens
A angle of sweep, positive for sweepback, degrees
or flap deflection, degrees
p mass denslity of alr, slugs per cublc foot
b wing span, feet
S wing area, square feet
B2
A wing aspect ratlo =5
1 distance fram center of gravity of airplane to center of
pressure of vertical tail, fest
z perpendicular distance from fuselage center lline to center of
pressure of vertical tail, feet
W welght of airplane, pounds
m mass of alrplane, slugs per cublc foot
relati ity factor (-2
i elative density c (pS‘b)
n inclination of principal longitudinal axis of alrplene with

respect to fllght path, positive when principal axis 1s
above flight path at nose, degrees (fig. 2)

€ angle between fuselage center line (reference axis) and
principal axis, posltive when reference axls i1s abpove
principal axis at nose of alrplane (fig. 2), degrees

kxo radius of gyration about principal longltudinal axils, feet
kzo radiug of gyration about principal normsl axis,-feet

q dynamic pressure, pounds per square foot %p‘ﬁ)

Cy, trim 1ift coefficient <E%

C, rolling-moment coefficient (qusl_inﬁsgoment)

dansamnesy

Lamw s
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yawing-moment coefficlent <?aWin§égﬂman%>

ILateral force
aS

letersl-force coefflicient
airplane velocity, feet per secomnd

yawing angular veloclty, radlans per second
rolling angulaer veloclty, radlans per secand

v
Local speed of sound

Mach number, (

time for oscillation to reduce to half emplitude, seconds

time for oscilletlon to double amplitude, seconds

number of cycles required for laterel oscillation to reduce +to
half amplitude
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02 number of cycles reguired for lateral oscillation to double
amplitude

P period of lateral oscillaticn, seconds

Subscript:

t vertical-tall cantribution

SCOPE AND METHOD

The present Investligetion included the determination of the effects
of various mass, aerodynamic, and dimensional parsmeters on the dynamic
lateral stability characteristics of the Douglas D-558-2 alrplane in the
landing condition (flaps and gear extended) and in the high-speed condi-
tion (flaps and gear retracted). For the landing conditicn, the effects
of wing loading, extenslion of the vertical tail, and reduction of the
flap deflectlon from 50° to 30° were investigated. The effects on the
dynamic leteral stabllity of varying the parameters Czp, CnP’ Cnr, kxo,

k,,, and 1 also were investigated for the landing and the high-speed
conditions. In determining the effects of these parsmeters, CZP: Cnp,
and Cnr were varled +50 percent; kgo and. kZo were varled 120 percent;

and 1N was varled +2°. These variations were selected because they were
believed to cover the maximum probeble error in estimating the psramsters
involved. For the high-speed case, the effects of altitude and wing
loading were investigated.

The speed range covered by the varilous conditions investligated was
from ebout 135 miles per hour at sea level up to speeds corresponding to
a Mach number of about 0.85.

All calculations in this Investigation were made for level flight
and were made by the use of the equations of rsference 2. No correctlons
were made for power effects, which were belleved to be small.

MASS AND AERODYNAMIC CHARACTERISTICS

" The basic values of the mass characteristics of the airplane and
the asrodynamic parsmeters are given in teble I. The static—stabildity
paremeters CIB and CnB ‘for the complete airplane, end the

beremoters CEB, Cnﬁ’ Cy_ with the vertical tell off were obtained from

wind-tumnel tests of a model of the D-558-2 airplene. The rotary deriva-
tives Czr, Cnr, CZP, and Cnp for the airplane with the vertical tail
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off were estimated with the aid of references 4 to 6. The vertical-taill
contributions to the rotary derivatives were estimated by use of equatiome
similar to those presented In reference 7. No carrections have been made
to any of the derivetlves to account for Mach number effects.

RESULTS AND DISCUSSION

Pressntation of Results

The results of this investigation are presented as a series of
figures of the neutral—qscilletory-stebllity boundary plotted as a function
of CnB and 018, and figures of the variations of period and rate of

demping (cycles and seconds required for lateral oscillatlon to damp to
helf emplitude or double emplitude) with 1ift coefficlent. The neutral-
spiral-stablility boundary was calculated for each condltlon Inveatigated,
but the boundarles are not presented since they were not appreclably
shifted by any of the variations Investigated and, In all instances, the
airplane wes spirally sitable. The pertinent results obtained for the
lateral oscillation and for the aperiodic modes (epiral end demping in
roll) are summarized in table II for each condlitlon investigated.

The resulits are divided into three groups. The first group is for
the airplane with flaps and 1anding gear retracted and gives the results
obtained for:

(a) the effects of altitude for a wing loading of 53 pounds per
square foot (figs. 3 and k) .

(b) the effects of wing loading for flight at 20,000 feet altitude
(figs+ 5 and 6)

(c) the effects of varying the paremsters CZP, Cnp: Cny.s kx s Kz,
end 7 (fig. 7)

The second group of-figures 1s for the airplasne flying at sea level
with flaps deflected 50° end landing gear lowered. In this group are
gshown?

(a) the effects of wing loading (fige. 8 and 9)

(b) the effects of varying Ciy Cnys Cnps kxy, kg, 8nd N (fig. 10)

The thilrd group of figures presents results obtalned from assumed
modifications to the alrplane conflguration for the landing condition.
The resulits are presented for:

(2) the effects of reducing the flap deflection fram 50° to 30°
(figs. 11 end 12)
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(b) the effect of increasing the vertical-tail height by 14 inches
(figss 13 and 14)

The demping characterlistics of several of the alrplane configurations
investigated are compared 1n figure 15 with the present Bureau of Aero-
nautics specifications for satisfactory demping of the lateral oscllla-
tion.

Alrplane with Flaps and Gear Retracted

Bagic condltion.- The calculated dynamic lateral stabllity character-
istlcs of the airplene flying a2t sea level with a wing loading of 53 poumds
per square foot are shown by the solld curves of figures 3 and 4. This
candition is for the alrplane with only about 1800 pounds of fuel
remaining and is used as a basis for comparing the steblllty as various
parsmeters and condlitlons are changsd. The calculations indicate that
the alrplane is laterally staebls throughout the 1ift-coefficient range,
but that the stability decresases as the 1ift coefficlent decreases
from 0.8 to about 0.35 (fig. 4) and then incresses again as the 1lift
coefficlent 1s mede smaller. One fairly common crlterion for satlsfactory
dynamic lateral stabllity characteristics 1s that the lateral osclliation
must damp to helf emplitude within two cycles - that is, €1/ must be

less than 2. For the casse’ under discussion the calculations indlcate
that the airplane meets thls requirement only at 1ift coefficlents
below 0.2 and above 0.5, although the number of cycles required to damp
to half emplitude did not greatly exceed the requirement at any of the
13f% coefficients Investigeated. .

The present Bureau of Aeronautlcs specifications for flying gquaelities
of piloted ailrcraft (reference 8) state that the demping of the lateral
oscillation shall be positive and shall be such that the time to damp
to half emplitude and the period shall fall within the satisfactory area
of “the chart presgented as the lower part of figure 15. The chart as
given in reference 8 can be used only for stable alrplanes. However,
for completeness, an addition can be made to the chart, as was done in
Tigure 15 of this paper, to permit plotting of points representing
unsteble configurations. The reglon between the two charts of figure 15
is a region for which at least 20 seconds are regulred for the lateral
oscillation to dovble amplitude or to reduce to half amplitude, and for
practical cases, this can be considered as a region of epproximate
neutral oscillatory stability.

For the case under discussion the use of filgures 4 and 15 indicates
that the sirplahne meets the Buresu of Aeronsutics criterion only for 1ift
coefflicients greater than aboub 0.7,

Effects of altitude.- An increase in altitude caused a destabilizing
shift of the neutral--oscillatory—stablility boundary, and the shlft

.
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generally increased as the 1ift coefficient was made smaller (fig. 3).
The destebllizing shift-was not important at high 1ift coefficients

a8 Indicated by filgure 4. At low 1ift coefficients, however, increase
in altitude became Importent because of the smaller mergin of stability
of* the alrplene. The time required for a lateral oscillation to damp
to half amplitude Increased with Increase in altitude, and the Increase

generally beceme greater as the liftcoefficlent was made smeller.
Altltude had no appreclable effect on the periocd but did affect Clﬁa

since

Ty /2
Cifo =5

A study of figures 3 and 4 indicates that the polnt representing the
alrplane an the chart of'—-CnB against C;s gives a qualltative Indica-

tilon of the alrplane stability by 1ts locatlon with respect to the
boundary - that 1s, if the point falls on the stable slds of the boundary,
the airplane 1s laterally stable as indlcated by T; /o However, the

location of the point reletive to the boundary generally glves little or
no quantitative indication of the alrplsne stablllity, especilally if -the
point 1s near the boundary. For example, the points on figures 3(a)

and 3(b) are approximately the same distance from thelr respective
boundaries, but the time required for the osclllation to damp to half
amplitude is sbout 10 seconds for the case of figure 3(a) and about

30.2 seconds for the case of figure 3(b) (for 20,000 ft altitude).

Effect of wing loadlng.- The calculations Indicate that an Increase

in wing loading caused a smell decrease of the stable reglon throughout
the lift-coefficlent range (fig. 5). The effect was simller to that
cbserved for an increase In altitude, which follows from the fact that
wing loading and altitude enter Into the stabllity equatiomns, at a given
1i1ft coefficient, only through the relative-density factor up. It is

to be noted that for a wing loading of 68.2 (corresponding to -the
alrplane with about 3300 1b of fuel) the time required for the lateral
oscillation to decrease to half amplitude increases very rapldly in
going fram Cr, = 0.1 %o Cp, = 0.2 and from Cp, = 0.5 to Cr, = O0.L
(fig. 6)« Calculations made for Cy, = 0.2 indicated oscillatory insta-
bility. Thess calculations indicate that the conditions likely to be
the more undesirable as far as actuel flight1s ‘concerned (for constant-
altitude) are those for which the airplene is heavily loasded (large Tuel
load). It appears that serious instability might occur at high speeds
and high altitude if the alrplane still carriles a falrly large amount of
fusl.

Effects of variations of aerocdynemic and mass parsmeters.- The
calculated effects on the neutral-oscillatory-stabllity boundery of
varying the parameters CzP, Cnp, Cnr’ kﬁb’ kzo, and m are shown in
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figure 7 for a wing loading of 68.2 pounds per squars foot and a Mach
number of 0.85 at 20,000 feet altitude. The variations were selected
arbitrarily to indioate effects of possible errors in the estimation of
the derivatives. Veriatlons of CZP by 150 percent had 1little effect

on the oscillatory-stability boundery (fig. T(a))} for values of CIB
less negative than -0.10. For values of CZB more negative than -0.10
decreasing Cz caused a stabilizing shift of the boundary. Other

unpublished dynamic—lateral-stability calculations made for high-speed

airplanes have shown simllar trends for some alrplane configurations.

) Qa ingpection of figure 7 shows that the steble range was increased by
he following variations of the parameters: An increase in the absolute

magnitude of Cn o Qn (for this candition Cnp was always positive

and C always negative for the values of CnB and CZB shown in
fig., 7), an incresse of kx or a decreesse.of k, . The stable.range
Zo

also was increased by making 1 more positlve. It should be noted that
during these calculations each parameter was varied separately. The
effects to-be_expecited. fram the.simyl teneous variation of two_ox. more
parameters generally are not equal to. the sum e Individual effects.,
The changes noted in the boundariss apply only to the conditions for
which the calculations were made. At some other 1ift coefficlent, wing
loading, or altlitude the effects caused by varlations of the parameters
Probably would be different in magnitude and might be different even in
directlion. The results of figure 7 indicate that even small errors- in
the estimation of certaln derivatives can cause appreciable quantitative
errors Iin the calculated stability characteristics.

Airplene at Sea Level with Flaps Deflected 50°
and Landing Gear Lowered

Baglc condition.- The calculated lateral-stability boundaries and
demping characteristics of the D-558-2 sairplane with a wing loading of
53 pounds pér square foot are shown as the solid curves of figures 8
and 9 and are used as a basis for noting changes in the stability and
damping as various paramsters are modified. The resulis of the calcula-
tions (figs. 8 and 9) indicate that the ailrplane in the basic condition
is laterally unstable throughout the lift-coefficlent range and that
the Instebility becomes worse as the 1ift coefficlent 1s decreased. The
dynsamic latersl stabllity characteristics are mseatisfactory for this
condition. As noted previously, small errors In estimasting some of the
stablility derivatives or mass characteristics might cause mlsleading
quantltative resulta; hence, definlte conclusions regarding the .character-
istice of the actual airplane cannot be made on the basis of the resTits
presented herelin. The effects of varying some of the parameters should
glve reliable trends.

. """‘—m.'-
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Effect of wing loading.- The results of the calculatlions. indicate— -
that an Increase In wing loading crused a decreage of the stable reglon
(fig. 8). In this case the boundary shiftdecreased as the lift coeffi-
clent was made smhller, which 1s a reversal of-the effect noted for the
airplane with flaps and gear retracted (fig. 5)« Wing loading had no
apprecigble effect on the period but decrsased the time required for
the lateral oscillation to double amplitude (fig. 9). The wing loadings
investigated were 45:5, 53.0, &nd 78.k pounds per square foot which
correspond roughly to landing wilth most of the fuel gone, landing with
a fuel reserve of about 1800 pounds, and lending (or teke-off) with &
full fuel load. The calculatlions indicate that the worst condition
likely to be encountered with flaps end gear down 1s the teke-offwith a
full fuel load. o h - .

Effects of variations of asrodynsmic and mass parameters.- The -
célculated effects of varying: CIP, CnP’ Cnf,_kxé, kz,, and N are
shown in figure 10 for a wing loading of 45.5 pounds per square Ffoot
and a 1ift coefficlent of 1.0. The results of the calculations indicate
that varistlion of CnP by +50 percent had no appreclable effect on the

boundary and that the stable region was Increased by increasing the
bsolute magnitude of Ci, or Cn, (for this configuration, Cyp, 8md G

were always negative), by decreasing ky, or kza, or by making 17 more

rositive. It should be noted that for these calculatlons the variables
were changed one ait a time. The large effect on the boundary of varying
such paramsters as Czp, kx,, kzgo, or N Indicates that i1f the character-

igtica used hereln hed been only a few percent—different from the values
used, the resulits of the stabllity calculations might-be considerably
different. These calculatioms Indicate the need for accurate determins-
tion (exper;mental or theoretical) of-the mass and serodynamic parameters
of any alrplane for which dynamic-lateral-stability calculationa are to
be made, 1f the results of the celculations are to be accepted with any
degree of certainty.

r

A comparison of figﬁres 7 and 10 indicates that only variations
of Cnr’ Cnp, kzo’ and. 1 produce consistent changes in the bowmdary

for a glven change in the parsmeter for the cases investigated (landing
and high speed) .

Effects of Aspumed Modiflcations to Alrplane

Effect of reducing flap deflection.- Results of calculations (figs. 8
and 9) have indicated that—the D-5§E-2 airplane is laterelly unstable for
the condition of flaps and gear lowered. Celculations have Indicated that

for thie particuler configuratlon the stabllity would be improved (at
least &t Cr, = 1.0) by increasing the absolute values of Czp or Cp_,

by decreasing kx, or ky,, or by ieking W ‘more positive (fig. 10).
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Of these parameters, probably the one easlest to change is. the principal
axis inclination 7. The data of table I Indlcate that a fiap deflectlon
of 50°‘produces an Increment of 1ift equael to that produced by =a 50 change
in angle of attack. If the flap deflection were to be reduced to 309,
then for constant 1ift it would be necessary to increase o (and hence 1)
by about 2°. :Such & changs Iin 1 was shown to be very benseficial &t
least at Cr, = 1.0 (fig. 10). It should be noted, however, that a reduc-
tion in flap deflection produces changes in some of the asrodynamic
derivatives as well as In 1; hence, the over-all effect on the dynamlc
8tability can be evaluated only by calculations teking into account the
changes 1n all of the derivatlves.

The results obtained for the dynamlc lateral stabillty character-
istics of the airplene with the flaps deflected 30° are shown in flgures 11
and 12. Also shown in the flgures are the charascteristics of the airplane
with flaps deflected 50°. .The results indlcate that at Cr, = 1.0 .a
large stabilizing shift of the boundary was obtalned by reducing the
flap deflection to 30° but that the shift became emaller as the 1ift
coefficient was decreased. It is also nobted that the point representing
the airplane on the plane of CnB agalngt CzB moved in the seme -

direction as the boundary; therefors, the Iincrease In stabllity was not
very great (fige. 12). At a 1ift coefficient of 1.0 the calculations
indicated that the airplane was stable but about 6.7 cycles were required
for the lateral oscilletlion to damp to half amplituds, and the condition,
therefore, was not very satilsfactory. At lower 1ift coefficlents the
alrplane remained unstable. Thus, it appears that a reduction in flap
deflection cannot be expected to cause any apprecisble increase in
gtabllity at moderate or small 1ift coefficilenta.

Effect of increasing the vertlical-tail helght.- One msthod of
securing dynemic lateral stabllity is to make QnB large enough so that

the point representing the airplane on the chart of CnB agalnst Czs

is well above the osclllatory-stebility boundary. The value of CnB

can be Increased easlly by increasing the vertical-tail height. The
effectiveness of this solution depends on how the Increased btail height
affects all the derivatives. Computetions of the dynamic lateral
s8tabillity characteristics of- the airplane were made for an assumed
vertical-tall extension of 14 inches for the condition of sea-level
Flight with flaps dsflected 50°. The results of the computations are
coampared in figures 13 and 14 with the results for the airplane with its
original verticel teil. It is clear that increasing the vertical-tail
height caused & small stabilizing shift of the stability boundary through-
out most of the 1lift-coefficient range (fig- 13). At high 1ift coeffi- .
clents the calculated increase in Cp, caused by the tall addition was
enough to place the polnt representing the alrplane on the stable side
of the stabllity boundary. The calculated effect of the tail extension
omn CZB was small at high 1ift coefficlents. As the 1ift coefficlent

was decreased, however, the calculated Increase in CnB became smaller,
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and CIB beceme more negative. -The net result was that as the 1lift coeffi-

clent decreased the effectiveness of—the vertical tail in improving the
stability was decreased. This is also indicated in figure 1k. Thus,
although some Improvement in the dymamic stebllity characteristics

at C1, = 1.0 might be expected from an extenslon ofthe vertlcal taill,
it appears that little, 1f any, Improvement would be obtained at 1ift
coefficlents of about 0.6 or less.

CONCLUSIORS

Calculations have been made to determine the effects of -various
mess, aerodynamic, and dimensionasl peremeters on the dynamic lateral
stability of the Douglas D-558-2 airplane. The results of the investiga-
tion have led to the following conclusions:

1. Accurate determination of the stabllity derivatives, the radil
of-gyration, and the inclination of the principal axes are regulred if
calculations of the dynamic lateral stability are expected to be of
quantitative significance. :

2+ The dynamic stebility wes improved in the landing and high-speed
configurations by an incresse in the magnitude of the demping in yaw, by
an increase in the magnitude of the yawing moment due to rolling (in the
positive direction), by making the inclination of the princlpal axes more
positive, or by decreasing the magnitude of the radlus of gyration about
the principal normal axis. - .. :

3« An Increase in the demping In roll had a large.stabilizing
effect in the lending canfiguration but had a small irregular effect in
high-speed flight. . . ) e - o

4o An increase in the radius of gyration about the principal
longltudinal axis improved the stablility in_high-speed flight'but*was
destabllizing in the landing attitude.

5. With flaps and gear retracted an increase In elther the wing
loading or the sltltude had rather small effects on the stablllty bounda-
ries and on the period of the lateral oscilletion but increased the tﬂme
and number of cycles required for the oscillatian to damp to half
emplltude. _ } :

6. The calculdtions indicated dynemic lateral instabllity of the . -.
basic alrplane configuration in the lending attitude. Some improvements
In gbability neer a 1ift coefficlent of 1.0 geemed possible by reducing
the flap deflection or by extending the helght of-the vertical tail.

At 1ift coefficients of about O. 6 or less, these changes appear to have

little effect.
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T+ For the configurations investigated, the calculations indlcated
that the airplane would not meet the Bureau of Aeronautics criterion for
satlsfactory damping of the lateral oscillation in the landing confilgura-
tion (flaps and gear down), and would meet the criterion in the high-
speed conflguration (flaps and gear up) only at 1lift coefficients greater
than about O.T.

Langley Aeronautical Leboratory
National Advisory Committee for Aeronau‘bics
Langley Air Force Base, Va.
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BASTC STABILITY DERTVATIVES AND MASE CHARACTEEISTINS (F THE D-70-2 ATHPLANE

TABLY I

Condition

Tlepa and gear up

Goar down

Gear down

Gomr dmm bp = 500

gr = 50° By = 30° vertical tall exterded 1k in.
c.L- 020 [0.138 | 0.20 [oko |o.60 [ 080 | ok | 0.6 [0.8 (1.0 |0k | 06 |08 | 1.0 Jor [o6 [o8 [1w0
a -30% | 26 | 1.10°| %.20° |7.10° | 20,307 [ -1.307 | 2.20° [5.25°| 8.40% ] 1.10°] hoo® |7.25° |10.80° |-1.30° | 2.10° | %.29° | 8.40°
7 ~3.65° | -3.11° [.25% | 7% | 3.75%| 6.7%° | -6.65° [ -3.25° | -.10°] 3.05% | -h.250| -1.15° [1.90% | 5.05° |-6.25° [-3.25° |-0.10° | 3.0%°
Ofg (@il cfr) | -.05T [ -.057 | -.097 w05t | -ws7 | w057 | -0m| 087 |-c0mr| -t | -eomr{ -eom7 |--0m7 | - -057 | -.057 | -w0n7 | -.057
Cg =030 [ ~-e-- «0o [ - 120 | -293 | 267 | -.076| -.109 |-aam|-.202 | -.096 -.ueh |-.199 | -2 | 076 | 209 [ <am|-am
Crg —amy | -are | <are|-ass|-ae8] cos0 | -] -as |-atel -ae7]| cam] -ass |-ae9 | -ace | -8 -as | - |-.2e7
Cz, -270 | -270 | -272| -277(-080| -285 | -276| ~.280 (-.280|~-.280| -.275] -.280 |-.285 | -.286 | - 276 | -.260 | -.260 |-.260
oy =007 | -010] ~.002] -.023 | -4033| -.08% | -.020| -.03k |-.0us| .. -02Y| -.039 |--045 | --056 | ~.d20 | -.034 | -85 ]-.0%8
G 030 0k2 D62 23| 280 @40 | .l70 235 298| .36Q| .30] 213 .21 .337 A0 | e | L296] 360
%o Vv -0 | 032 | -030| 030 | - 030 -0 | -.066] -.om|-.082-.100] -. -5 -.oalu -.08s | -.066 | -.071 | --088 | -.100
Cyﬁ {ta1l am) ~B30 | - =1 -. -.368] -. —olhB | -h5S [ -uWEL ) 436 | -he7| -0 |-.uhoo | -.373 | -.500 | -os0B | -u503 | -.eB6
61y Y. R— 203 -no | -206| -2@ | -8 -aams |- -0e | | cam[-e13 ] -2 | -aes | -am -.188 | -
Cnp 26 | - | a2| 0s| 09| 09| z2| .me| a| 66| a8 27| am| ae| an| ae | e] as
Gy =87 | -—--| --201) -.200 | -203( -295 | -.29%| -.200 {-.25%(-.081 | -.eB7 -285 |-285 ; -286 | -. -295 | ~.087 | -.202
Oy ! 076 | -~ | .060| .02%|-.030| -0 | .O76( .036{-.003(-.0va| .o .o |-.23|-.0% | .m| ‘060 | 017 |-.0es
0y M| - a3 a6 Tam| e | 266| .35 38| 36| eee| eto| aor| a3 | em| .0 38| 390
Coy 79 | - | - 268 | - b | -.296| -.306 | 56| -0 |-ms| e | e - [-am | oo | - | - om | s |-on
orp,, \ “a373 | e | =u36% [ o380 | -a30h | -6 | -a30n| -.398 -39k | -.379| -.370) -.363 -3 ]| - -h3 |- s | <6 | - g
1 19.k 19.h 19.k 19.9
: 3.5 3.50 3,50 .00
. -3.35° -5.3° -3.35° -5.35°
Xy, 3.12 3.12 3.12 32
X, 986 9.86 9.86 9.86

RT

HeV6l *oN Wi VOVHE



TABLE IIX

CALCULATED PERTOD AND DAMPING CHARACTERISTICS OF THE D-558-2 AIRPLANE

Tateral oscillation|Spiral ?;Tphlllg‘
Configuratin |C1, | Cag | Cag wis | n |8 mode |'°°°
Pl o | Bp |n Jo
Flaps and gear up{0.1[|0.116|-0.084|53 0 {0]| 2.25] 3.41| ===~ 9.35 | 0.20
2> lJJ.2 - -103 " 3 008 6-38 ----- 6 .55 -29
A1 .109) -.149 3.63] 8.89 | ~=--- 6.79 37
-6 0109 - -206 3 -51 6 005 """" 7 077 !)'I'6
\% 8| .109| -.268| ¥ V| 3.17] 3.2 | -~--- 15.37 | -1k
Flape and gear up| »L| .116| -.084{53 ]10,500{0 | 2.27{| 5.39| -==-- 10.94 23
21 112| -.103 ' 3.10{11.43| =---- 7-73 34
b .109) -.149 3.67|13.46 | -===- 794 Al
6] .109| -.206 3.49] 7.16| -~~~ 9.12 5l
1 4 8| ".109| -.268] ¥ Vi 3.15] .08 ~-=--~ 18.01. AT
Flaps and gear up{ .1| .116| -.084{53 |20,000{0 | 2.31]|10.05 | ===~~~ 21.04 .19
2] J12! -.103 3.15)30.32 | ===~ 12.81 27
Jif .109| -.149 3.70|21.97 | ~---- 9.04 39
6| 109 -.206 3.49] 8.48 | -—~--- 9.27 51
\Z 8} «109]| -.268 v 3.13] 4.61| ----- 1066 | .64
Flaps and gear up| »1| .116| -.084|68.2{20,000{0 | 2.32(22.9h | ==~=- 23.78 { .21
21 W112| ~.103 3.18|~~-~~ 427.5 | 1h.62 .30
Jf 109 -.149 3.71139.53 | ==--~ 10.23 Al
B 109 -.206 @ 3.491 9.67 | ~~-~~ 10.49 .58
Vv 8! .109| -.268 3.12] 5.1 | ===-- 10.05 T3
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TABLE IT.~ Comncluded.

CALCULATED PERIOD AND MEG CHARACTERISTICS (OF THE D-558-2 AIRPLANE

Iateral oscillation]Spira] |Demping-
Contigmation 0L | Cng | Oy W/5 |h|5e mode 12;3‘231
: : P T To T
1/2 lfa Tl/E
Flaps and gear down [0.4[0.122(-0.138] 53 |0{50°] %.21 | =~mm- 2.88 | 6.95 | 0.23
06 011'2 - 01511- ll' 020 ---- l|--69 B 177 c29
l -8 ol% - 0178 l" 00'0 ------ 9 -ll|- 9-69 .3)+
1.0| .166| -202] ¥ 3.82 | -=--- 69. 10.56 40
Flape and gear’ down B oj.22 '0138 78-]-|- 0 a)o bh6 | aeemm 2.39 8-5-6 27
- 6] 2| -ash 4.33 | -=--- 3+73 |10.63 | .33
1 B8] 158 -.178 4,13 ----- 6.27 {11.81 .39
1.0| 66| -202] W |V|V | 3.89 | ----- 21.18 {12.87 A7
Flaps and gear down,| 4| «151} ~.165] 53 {0}50°] 3.98 | ==~-- 2.88 | 5.56 | .23
vertical tail ex- | .6} .192{ -.170 3.80 | ==~ 6.98 | 9.47 29
tended 14 inches 81 2061 -.188 3.T2 | ===~ 125.96 |10.52 35
V 1.0} .215f -.205} V¥ |{W[W¥ | 3.61|19.08|~-~- 12.15 Jio
Tleps and gear down | -4} 116§ -.142} 53 {0}30°] 4.05 | ~=--- 3.76 | 6.67 214
W6 27 -a7h ) 406 -——-- 5.70 | 7.20 .30
l -8 nl38 - 1213 l 3 079 """ 12 080 T I89 - 35
1.0] 1437 -255 : 3.51 | 23.58 |~um=m 8,50 | b2
) E

9T
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Figure 2.— Angular relationships in flight. Arrowe indicate positive
directlon of angles. 7 = o —~ €.
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Figure 15.— Comparison of calculated damping characteristics for several
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